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ABSTRACT 
Contamination of some agricultural products by mycotoxins has exposed the human and animal health to serious 
concerns. Aflatoxin B1 is the most toxic type of aflatoxins, which is of the highest amount in different foods, 
including rice, among various types of aflatoxins. The present study was aimed to evaluate the amount of this 
toxicant in the consuming rice in Yazd city and investigate the effect of rice washing and soaking process on 
reduction of the mean concentration of aflatoxin B1.  
The present study was a descriptive-analytical one, in which 36 rice samples (18 domestic types and 18 foreign 
types of rice) were randomly selected from the rice distribution centers in Yazd city. The Standard No.6872 of the 
Institute of Standards & Industrial Research of Iran (ISIRI) was used for measuring the amount of aflatoxin B and G 
toxicants using HPLC (high pressure or performance liquid chromatography) method and purifying by immune 
affinity column. Analysis of the collected data was performed using SPSS-22 statistical software as well as the 
statistical methods of one-way ANOVA and Tukey HSD.  
The mean concentration of aflatoxin B1 in domestic and imported rice was measured equal to 1.461 and 0.508ng/g, 
respectively. The contamination rate in the imported rice was lower than that in the domestic one, while there was 
no significant relationship between them (p≥0.166); furthermore, the effect of soaking process on reduction of the 
toxicant amount in one and ten hours of soaking was statistically insignificant. There was no significant relationship 
between the effect of a single time of washing and reduction of the amount of toxicant; however, in case of three and 
five times of washing, the amount of toxicant exhibited a reduction of 68.2% and 98.7%, respectively, which was 
statistically significant (p<0.05).  
Results of the present study indicated that the rice washing process can significantly reduce the amount of aflatoxin 
B1, whereas the rice soaking process has no significant effect on reduction of the amount of toxicant.  
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INTRODUCTION 
Despite the increasing growth of population in 
developing countries and the increasing need for 
healthy foods, many type of the available foods, such 
as cereals, beans, spices, and fruits, are contaminated 
by harmful substances like mycotoxins. Besides 
contaminating agricultural products and animal 
foods, mycotoxins are associated with numerous 
economic disadvantages and losses [1-5]. These 
toxicants are indeed products with low molecular 
weight, which has one or more heterocyclic rings in 
their structure and is known as the secondary 
metabolites of mold [6,7]. One of the most harmful 
types of these toxicants is the aflatoxins, which are 
produced by Aspergillus Flavus and Aspergillus 
parasiticus molds [6-9]. Acute complications of 
Aflatoxin consumption as well as the chronic 
complications emerge in the form of carcinogenic, 
mutagenic, and teratogenic complications [2, 10]. 
Aflatoxin B1 is one of the most powerful hepato 
carcinogenic factors, which prevent activity of the 
DNA-polymerase and RNA-polymerase enzymes 
through binding to DNA and cause reduced protein 
synthesis [8, 9, 11]. The IARC (International Agency 
for Research on Cancer) has categorized aflatoxin B1 
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in the first group of the human mutagens [12]. The 
CODEX Committee has determined the maximum 
concentration of aflatoxin and aflatoxin B1 in rice 
equal to 4ng/g and 2ng/g, respectively [13-15]. 
Moreover, ISIRI (Institute of Standards and Industrial 
Research of Iran) has determined the minimum levels 
of 5 and 30ng/g for Aflatoxin B1 and Aflatoxin in 
rice, respectively [4, 14, 15].  
One of the best methods for reducing the aflatoxin 
level in food and, consequently, the aforementioned 
complications is to prevent mold growth in 
agricultural products. Since rice is one of the most 
widely used food products, particularly in Asian 
countries, numerous studies have been conducted in 
this regard [8, 16-18]. A study conducted on the 
consumed rice in five Vietnamese states showed that 
51% of the samples contained aflatoxin AFB1, and 
also the toxicant level in rainy seasons was higher 
than that in the dry ones [19]. Furthermore, another 
study conducted in India on 1200 various types of 
rice indicated contamination of these products by 
aflatoxin [20, 21].  
In a study on 110 types of rice and corn in China, the 
mean concentration of aflatoxin in corn, rice, and 
whole grain brown rice was measured as 0.99, 3.87, 
and 0.88ng/g, respectively [1]. Another study 
reported the toxicant contamination rate of rice in 
China and India equal to 0.92% and 67.8%, 
respectively [4]. In another study conducted in 
Austria, aflatoxin was observed in 24 samples out of 
the total 81 samples, and also the toxicant 
concentration in 3 samples was higher than the 
European standard level [3]. Studies have shown that 
aflatoxin contamination rate in imported and 
domestic rice types was 0.011-30 and 0.8-6.3ng/g, 
respectively [15].  
Results of Najafian’s study indicated that aflatoxin 
level in the imported rice was higher than the 
domestic rice [22]. Therefore, the present research 
was aimed to determine the amount of aflatoxin B1 in 
the consuming rice in Yazd city as well as the effect 
of washing and soaking processes on reduction of 
this toxicant.  
 
MATERIALS AND METHODS 
Sample provision  
The present study was a descriptive-analytical one, 
which was conducted on 36 types of rice (18 
domestic and 18 imported types) consumed in Yazd 
in 2014. The sample size was determined based on 
the similar studies as well as the research limitations. 
In the present study, samples were selected randomly 
from all the rice distribution centers in Yazd; then, in 
order to perform the experiments, the samples were 
transferred to the food control laboratory of Shahid 
Sadoughi University of Medical Sciences in Yazd.  
Sample preparation: In the washing process, 50g of 
contaminated rice was poured in a beaker containing 
200 ml of water, and then was stirred for one, three, 
and five times by a stirrer with speed of 50 rps. At the 
end of each time of washing, the water was 
discharged. On the other hand, in the process of 
soaking, 50g of the sample was placed in a beaker 
containing water for one and ten hours.  
Aflatoxin extraction 
For this purpose, the Standard No.6872 of ISIRI was 
used in order to measure the aflatoxins of groups B 
and G through HPLC method and purification by 
immunoaffinity column. The samples were ground by 
a dry grinder, so that the particle size of <2mm was 
obtained in order for the particles to pass a mesh with 
a pore diameter of 2mm. Then, they were mixed with 
5g of salt and then poured in a mixer, followed by 
adding 200 ml of methanol-80% solvent in water; 
next, the mixture was mixed well for 3min. The 
resulted extract was passed through a grade-1 
Whatman filter paper. The filtered samples were used 
in order to measure aflatoxin level [23].  
Aflatoxin measurement: The filtered extract was 
stirred well with distilled water in a capped glass 
container in order to obtain a diluted extract. The 
diluted extract was passed through filter paper 
(microfiber); next, the extract was passed through the 
immunoaffinity column, which had antibodies of 
groups B and G, at speed of one drop per second. By 
passing the diluted extract through the column, the 
antigen in the extract was bound to the column 
antibody. By passing methanol through the column, 
the resulted compound was washed, collected in a 
vial, and then diluted with water. Injection, isolation, 
recognition, and amount determination by reverse-
phase method of HPLC was calculated in ng/g using 
reverse-phase column, derivative tool and 
fluorescence detector, comparison of sub-surface of 
the standard curve with unknown sample, and 
dilution coefficient of contamination rate, 
respectively. In order to provide the standard 
calibration curves, prior to injecting the sample, 
primarily certain concentrations of the measured 
standard aflatoxin solutions were injected into the 
HPLC device [23].  
Statistical analysis: Statistical analysis of data was 
performed using SPSS-22 software. The one-way 
ANOVA was used to compare the samples in terms 
of aflatoxin level; subsequently, Tukey HSD was 
used for a multiple comparison between various 
groups. The values with p<0.05 were considered 
statistically significant.  
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RESULTS 
Results of investigating 36 types of domestic and 
imported rice in the present study showed that the 
aflatoxin level was above the standard level (5ng/g) 
only in one sample; besides, in 5 samples, this level 
was above the European standard level (2ng/g). The 
mean level of aflatoxin B1 in the domestic and 
imported rice was estimated 1.461 and 0.508ng/g, 
respectively. Furthermore, the contamination level in 
the imported rice was lower than that in the domestic 
one, which indicated no statistically significant 
relationship (p≥0.166).  
The following table represents the mean 
concentration of residual aflatoxin in the tested 
samples in one 1 and 10 hours of soaking in water. 
Comparing the mean concentrations in 1 and 10 
hours of soaking indicated no significant reduction in 
the aflatoxin level in both methods, which was not 
statistically significant.  
 
Table1: Comparing reduction rate and SD of aflatoxin B1 in rice in soaking and washing processes 
Process Duration time Basic density (ppb)  Final density (ppb) 
Reduction amount 
(ppb) 
p-value 
Soaking 
One hour 
Ten hours 
2.04±0.132 
2.04±0.132 
1.72±0.057 
1.73±0.063 
0.32 
0.31 
0.269 
0.291 
Washing 
One time 
Three times 
Five times 
23.32±1.31 
23.32±1.31 
23.32±1.31 
15.25±2.12 
7.4±0.71 
0.3±0.02 
8.07 
15.92 
23.02 
0.150 
0.018 
0.005 
 
Based on the data in the above table, the toxicant 
level was reduced by 34.6% in a single time of 
washing, which was not statistically significant; 
besides, in 3 and 5 times of washing, this level was 
reduced by 68.2% (p<0.005) and 98.7% (p<0.018), 
respectively, which was statistically significant. Fig.1 
and Fig. 2 represent the percentage of aflatoxin 
reduction by washing and soaking processes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1: Reduction percent of Aflatoxin by means of washing 
process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2: Reduction percent of Aflatoxin by means of soaking 
process 
 
DISCUSSION 
Results of the present study on the effect of rice 
washing and soaking on reduction of aflatoxin in rice 
indicated that soaking the rice has no effect on 
reducing the level of aflatoxin in rice; furthermore, in 
this study, no considerable difference was observed 
between the amounts of toxicant in the two types of 
rice. Although 1 and 10 hours of soaking resulted in 
no significant reduction in the level of aflatoxin in 
rice, the residual toxicant level was very low in the 
case of 3 and 5 times of washing. The obtained 
results on the amount of toxicant in the imported rice 
were consistent with those of Mazaheri et al. In their 
study, the mean aflatoxin level in all the imported 
samples was calculated 2.09ng/g, which was below 
the Iranian standard level (5g/g) similar to the present 
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study [1]. Mohammadi Sani et al. conducted a study 
to measure the aflatoxin level in the imported and 
domestic types of rice, in which the mean aflatoxin 
level in the imported and domestic rice was 
1.89±0.87 and 1.08±0.02, respectively. On this basis, 
in none of the evaluated samples, the aflatoxin level 
was above the Iranian standard level, which is 
consistent with results of the present study. 
Furthermore, in this study, no significant difference 
was observed between the imported and domestic 
rice in terms toxicant level, which is consistent with 
the present study [24]. In another study conducted by 
Najafian, the aflatoxin level of the imported rice was 
higher than the domestic rice by 31.7%, which 
indicated a significant difference between the two 
types of rice. Results of this study are not consistent 
with those of the present study [22]. In these studies, 
the rice was of various types; thus, regarding the fact 
that these types of rice were imported from different 
countries, they had relative contamination origins and 
had not identical transportation conditions. Therefore, 
it was expectable to have different rates of 
contamination in the imported rice.  
All the previous studies around the world were 
focused on the effects of the method of cooking rice 
on reduction of the toxicant. Fasiha et al. studied 
three different methods of rice cooking, including 
normal cooking, cooking with additional water, and 
under-pressure cooking, indicating that the aflatoxin 
B1 reduction rate (82%) in cooking with additional 
water was higher than other methods, while this value 
in the normal cooking method (49%) was lower than 
other method [25]. In several studies, effect of 
washing process on reduction of the toxicant in corn 
and wheat was investigated. Fandohan et al. 
investigated the effects of different processes on 
aflatoxin level in corn and observed that washing for 
15 min could reduce the aflatoxin level in corn up to 
91%; accordingly, they concluded that washing 
process would reduce the aflatoxin level significantly 
[26]. Hwang et al. conducted a study, entitled 
reducing aflatoxin B1 in wheat using various 
methods, in South Korea in which the wheat washing 
process in wheat was investigated. Results of this 
study indicated that washing the wheat could reduce 
the aflatoxin level B1 by 46-58% [27]. In the present 
study, the process of rice washing was studied for the 
first time, the results of which showed that washing 
the rice could reduce the aflatoxin B1 level 
significantly. Regarding mold activity on the seed’s 
surface and production of aflatoxin at this surface, the 
washing process can be effective in reducing the 
toxicant level; thus, duration of the washing process 
and the number of washing times would be effective 
as well. There is no other study on the effect of seed 
soaking on reducing the toxicant so far; however, 
based on the results obtained from soaking the rice 
for 1 and 10 h, it can be inferred that rice soaking 
with different duration can reduce the aflatoxin 
contamination by 15%, which can be attributed to the 
short-run washing of rice and isolation of aflatoxin 
by water, because mere soaking cannot be much 
effective in reducing the aflatoxin level in rice.  
 
CONCLUSION  
Based on the reports and results of the present study, 
it can be concluded that different processes, including 
washing and soaking, affect reduction of toxicant in 
rice. With regard to the high consumption rate of rice 
and its derivatives in the society’s food ration, the 
present study was conducted to recognize the 
aflatoxin B1 contamination of the rice consumed in 
Yazd in order to determine the contamination rate 
and, if not in the permitted range, provide it to the 
relevant authorities and offices for controlling and 
preventing the contamination. In the present study, 
due to the shortage of financial resources and high 
cost of performing the experiments by the HPLC 
method, it was impossible to measure a higher 
number of samples.  
 
ETHICAL ISSUES 
Ethical issues such as plagiarism have been observed 
by the authors.  
 
CONFLICT OF INTEREST 
There was no conflict of interest.  
 
AUTHORS’ CONTRIBUTION 
All authors contributed equally.  
 
FUNDING/ SUPPORTING 
This study has been supported by Shahid Sadoughi 
University of Medical Sciences.  
 
ACKNOWLEDGEMENT 
The present paper is a MS dissertation in Shahid 
Sadoughi University of Medical Sciences in Yazd 
city. The authors would like to appreciate the 
authorities of the Health faculty and Food, Health, & 
Cosmetics Control Laboratory of Shahid Sadoughi 
University of Medical Sciences for their intimate 
cooperation in this project.    
 
REFERENCES 
[1] Mazaheri M. Determination of aflatoxins in 
imported rice to Iran. Food Chem. Toxicol. 
2009;47(8):2064-66. 
Iranian Journal of Health, Safety & Environment, Vol.5, No.1, pp.934-938 
938 
[2] Castells M, Marín S, Sanchis V, Ramos AJ. 
Reduction of Aflatoxins by Extrusion‐Cooking of 
Rice Meal. J Food Sci. 2006;71(7):C369-C77. 
[3] Yazdanpanah H, Zarghi A, Shafaati A, Foroutan 
SM, Aboul-Fathi F, Khoddam A, et al. Analysis of 
Aflatoxin B1 in Iranian Foods Using HPLC and a 
Monolithic Column and Estimation of its Dietary 
Intake. IJPR. 2013;12:83-89. 
[4] Mohammadi M, Mohebbi G, Hajeb P, 
Akbarzadeh S, Shojaee I. Aflatoxins in rice imported 
to Bushehr, a southernport of Iran. AEJTS. 
2012;4(1):31-35. 
[5] Yazdanpanah H. Mycotoxin contamination of 
foodstuffs and feedstuffs in Iran. IJPR. 2010;5(1):9-
16. 
[6] Zain ME. Impact of mycotoxins on humans and 
animals. J.Chem.Sa.Soc.2011;15(2):129-44. 
[7]Ortatatli M, Oguz H, Hatipoglu F, Karaman M. 
Evaluation of pathological changes in broilers 
during chronic aflatoxin (50 and 100 ppb) and 
clinoptilolite exposure. Res Vet Sci. 2005; 78(1):61-
68. 
[8] Bhatnagar D, Brown R, Ehrlich K, Cleveland TE. 
Mycotoxin contaminating cereal grain crops: 
Their occurrence and toxicity. Appl Myco Biotech. 
2004; 2: 171-87. 
[9] Siruguri V, Kumar PU, Raghu P, VardhanaRao 
MV, Sesikeran B, Toteja GS. Aflatoxin 
contamination in stored rice variety PAU 201 
collected from Punjab. Indian Med Res. 2012; 36(1): 
89-97.  
[10] Saha S. Reductions of aflatoxin M1 in milk 
utilizing some chemisorption compounds and study 
their effects on milk composition. Pajouhesh & 
Sazandegi. 2007;1(74):19-26. 
[11] Bedard LL, Massey TE. Aflatoxin B1-induced 
DNA damage and its repair. Cancer Lett. 2006; 
241(2): 174-83. 
[12] IARC (International Agency for Research on 
Cancer), IARC Monograph on the Evaluation of 
Carcinogenic Risk to Humans. Volume 56. Lyon, 
France:IARC; 1993. 
[13] Khoshpey B, Farhud D, Zaini F. Aflatoxins in 
Iran: Nature, hazards and carcinogenicity. IJPH. 
2011;40(4):1-30. 
[14] Safara M, Zaini F, Hashemi S, Mahmoudi M, 
Khosravi A, Shojai-Aliabadi F. Aflatoxin 
detoxification in rice using citric acid. IJPH. 
2010;39(2):24-29. 
[15] Karajibani M, Merkazee A, Montazerifar F. 
Determination of Aflatoxin in theImported Rice in 
Zahedan, South-East of Iran, 2011. Health Scope. 
2011;2(3):125-29. 
[16]Abou Donia, M.A. Microbiological quality and 
aflatoxin genesis of Egyptian spices and medicinal 
plants.2008. Glob.Vet;(4):175-81 
[17] Cheraghali A, Yazdanpanah H, Doraki N, 
Aboulhossain G, Hassibi M, Aliabadi S. et al. 
Incidence of aflatoxin in Iran pistachio nuts.2007. 
Food chem..toxicol;45 : 812-16. 
[18] Giniani C, Dors L, Antonio A. P, Badiale-
Furlong, E. Migration of mycotoxins into rice starchy 
endosperm during the parboiling Process, food 
sci.technol; 2009;42(1): 433–37. 
[19] Nguyen MT, Tozlovanu M, Tran TL, Pfohl-
Leszkowicz A. Occurrence of aflatoxin B1, citrinin 
and ochratoxin A in rice in five provinces of the 
central region of Vietnam. Food chem. 
2007;105(1):42- 47. 
[20] Reddy KRN, Reddy CS, Muralidharan K. 
Detection of Aspergillus spp. and aflatoxin B1 in 
rice in India. Food Microbiol. 2009; 26(1): 27-31. 
[21]Zuoxin L, Junxia G, Jiujiang Y. Aflatoxins in 
stored maize and rice grains in Liaoning 
Province, China. J Stored Prod Res. 2006; 42(4): 
468-79. 
[22] Najafian M. Comparison the level of Aflatoxin 
in different varieties of internal and imported rice in 
different collection seasons and effect of cooking 
methods on the level of toxins. J.Microbial World 
2014, 6(4): 328-36.  
[23] Institute of Standards and Industrial Research of 
Iran. Food and feed stuffs: Determination of 
aflatoxins B&G by HPLC method using immune 
affinity column clean up-Test method. ISIRI No. 
6872. Karaj: ISIRI; 2012  
[24] Mohamadi Sani A, Gholampour Azizi E, Ataye 
Salehi E, Rahimi K. Reduction of aflatoxin in rice by 
different cooking methods. Toxicol Ind Health. 
2014;30(6) 546-50. 
[25] Fasiha R, Basappa S, Murthy VS. Destruction of 
aflatoxin in rice by different cooking methods. J. 
Food Sci. Technol. India. 2010;16(3):111-12. 
[26] Fandohan P, Zoumenou D, Hounhouigan DJ, 
Marasas WFO, Wingfield MJ, Hell K. Fate of 
aflatoxins and fumonisins during the processing of 
maize into food products in Benin. Int J Food 
Microbiol. 2005;98(3):249-59. 
[27] Hwang J-H, Lee K-G. Reduction of aflatoxin B1 
contamination in wheat by various cooking 
treatments. Food Chem. 2006;98(1):71-75. 
 
 
